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Mr. Carpenter further states that between July 28 and 
August 4, 1916, while on Mount Rainier, Wash., he ob- 
served each of the eight sunrises and sunsets, and them 
was a total absence of other than the usual twilight 
colors. He therefore infers that the dust cloud did not 
estend to this high latitude (47' N.). 

In a letter of September 20 he forwards IL nota from 
Prof. A. E. Doughs,  Univcrsity of Arizona, rtdativc to 
radiating shadows observed a t  that plncc on the u n d w  
side of the dust layer. It appears that these shadows a m  
first seen 16 minutes after sunset, and coatinuo about 
10 minutea, and were best observed on September 14 and 
15. Prof. Douglass identifies them as shadows from 
mountain eaks or clouds in the rsngc running south 

air line. From the angular height of thc! s1l:idows 110 
computes the dust layer to be from 13 to 15 nlilcs above 
the surflice. 

It does not seem possible to connect thiq dust or h:~ze 
with the haze that produced the brilliant twilight colors 
that were generally observed in the vicinity of W ~ L A -  
in ton, D. C., at the end of July, and also at Lincoln, 

servations obtained a t  Santa Fe, New Mes., Lincoln, 
Nebr., Mediaon, Wi3., and Washington, D. C., twd sum- 
marized on anothor paw, give no dicatioiis of utiusi1,il 
haze during August. flp to the date of writing this noto 
the Weather Bureau has been unable to lcitrn of 8 recent 
volcanic erup tioii of sufficient violanc~ t 11 C B U ~ C  n hazi- 
ness of the up cr atinoqdieru of the character observed. 

to thi3 interesting phcnomenon. 

from San 8. iego, and about 300 miles from Tuwon i n  t i n  

Ne 5 r., at about tho same timo.' Thc pyrhelion~ctric ob- 

We shdl be g P ad to receive further infoimatiou relative 

The following is the sub3t:ince of tin additional note 
from Mr. Carpenter, under date of October 7, 1916: 

It is reported from the Lick Obseryatorv, Mount Hamilton. h l . ,  
that red sungets have been observed since the first r e e k  in  .tu?l!lst. 
On m m y  nights i n  h r i . q ~ ~ t  an3 September the eky was rather thlck. 
and the Milky Way did not stand out as romineutly as usual. This and 
the red sungets have been int.erpreted l!y the observatory to menu that 
the atmosphere hmcont.ained an abnormalamount of finelvdivided dwt.. 

Red t .ilig5t glo .-s have also been reported from San Ilernardino 
and San Diego, Pal., and Phoenix. A m .  At Tucson, b r i a . .  110 red 
Runsets have been observed since the middle of September. but here 
a t  Los bngeles, in  spite of unusually heavy rains d u r i q  the first few 
d a w  of October, they do not appear to have decreased in frequency. 
Whenever the mornings and evenings have been clear the sky has 
been suffused with a red g1o.v. 

In S.witzerlad.-Added significance is given the above 
observations 1) the following note quoted from the 

Dr. Maurer, dircc t.or of the Swiss h.iet,corologicsl In- 
stitute, writes from Zurich that sincc the middle of July 
the atmosphere in the high Alps has shown notcwortliy 
opt.icCr2 dftmiorution, indicated b the est,ension of the 

the end of August, and by a true brown Bishop's ring, 
visible on August 3 and 4. The cause of the deteriorn- 
tion is still in doubt. Correspondino phenomena in 
1SS3-4, 1!)02-3, and 1912 were attrituted to violent 
volcanic eruptions, but no reports of volcanic eruptions 
have c,ome to hand this ycm. Whether or not the 
cumula.tive effect of nfiro in the course of two years is 

figures to show. 

British Meteor0 9 ogicd Office circular.z 

aureole round the sun, to as muc x as 1-10" in diniiieter at 

equivalent to that o Y a volcanic eruption there are no 

. ___ 
I Src M.JNTRLY WEATAER REVIEW. Jul3 ISM, 41:382. After the pu~~licntl m of the 

Jul REVIEW ser-eral correspondents In \ iiginia also reported brllliant sunsets at the 
e n ~ o t  July.-H. E. K. 

1 Oreit Britsm. MeteoroZogicol O f i e .  Metemlogical OWce clrcular Na. 4 [London], 
Bept. 21,1916. p. 4. 

ATMOSPEEBIC BEFBACTION AT MOUNT HAMILTON, CALLL.1 

Aside from conditions which actually conceal objectg 
or make the images so unsteady that accurate observa- 
tion is impossible, the atmosphere is of iniportance to  
astronomy and geodesy because of its refractive power. 
Professor Sirnoii Newcomb writes 8s follows concerning 
atmospheric refraction : 

The refraction of a ray of light by the atmosphere as it  passes from a 
heavenly body to an observer on the earth's surface, is callad "aetm 
nomical [refraction]." A knowledpoe of ita amount is a necessary datum 
i n  the e w c t  determination of the direction of the body. I n  its investi- 
g A o n  the fundamental hypothesis is that the strata of the air m in 
equilibrium, which implies that the surfaces of equal density are 
horisontal. But  this condition is being continually disturbed by 
aerial currents, which produce continual slight iluctuations in the 
actuil refraction. and commonly give to the image of a star a tremulous 
motion. Except for this slight motion the refraction is always in the 
vertical direction; that is, the actual zenith distance of the star ia 
always greater than its apparent dijtuice. The refracting power of the 
air is nexly propartional to its density. Conse uently the amount of 
the  refraction varies with the tzmperature a n a  barometric piemure, 
being greater the higher the barometer and the lower the t.emperature. 

At m3der;rt.e zenith distances. the amount of the refraction variea 
nearly as the t.an,uent of the zenith distance. Under ordinary condi- 
tions of pressure and tem orature i t  is, near the zenith, about one 
second lof arc] for each 8 ,grec of zenith diqtance. As the tangent 
increases a t  a greater rate than the angle, the increase of the refraction 
soon exceed3 one second for each degree. At 45' from the zenith the 
tangent is 1 and the mean refraction is about 68 seconds. As the 
honzoii is approached tlie tzngent increases more and more rapidly, 
becoming in.inite a t  the horizon; but the refraction iiow increases at a 
less rate, and, when the observed ray is horizontal. or when the object 
appears on the horizon, t.he refraction is about 34 minut?s, or a little 
greater than the clizm-ter of the sun or mmn. I t  follms that when 
either of these objects is seen on the horizon their actual direction ie 
entirely below it. One raault is that the leng,h of ih? day is inc.eae d 
by refraction to the extent or' about five minut.?s in  I.)w latitudes, SI d 
still mnre i n  higher latitudes. At 00' the increase is about nine 
mi3 ut es. 

The atmosphere, like every other transparent substance, refnrrte the 
blue rays of the spxtrum more thm the red; csniequently. wh n be 
imige of a star new the horizon is observed with a telescope, it prejen e 
sornawhat the appearance of a sprctrum. The edge which IS really 
highest, but. seems lowest in the te1esc:lpe. is b l u ~ .  and the oppoeite 
one red. When the at,mosphere is steady this atmospheric spectrum ie 
very mwked and renders a n  exwt  observation of the star difficult. 

Aqain writing of the difficulties connected with this 
study, he says: 

There is perhaps no branrh of prartical astronomy on which so milch 
has been written m on . . . [refract.ion] and which is still in so unsatis 
factory a state. The dificulties connected with it are both thmretirsl 
an11 practical. The theoretical dificulties . . . arise from the un- 
certainty and variability of the law of diminution of the density of the 
atmosphere with height and a l ~ o  from the mathematical ditEculty of 
integratinr the equations of the retmction for altitudes near the horizon 
after the best law of diminution has teen adopted. 

In  spite oi the difficulties, however, all accurate 
position work demands that the observed positions of 
stars be corrected for atniospheric refraction. This 
necessity has led to the const-ruction of "refraction tahles " 
from which a correction for atmospheric refraction can 

I Comrlock, 0. C. Redurtimi tahles for the Lick Oh.~er\~story 111 1V and \' (IS?) 
I'iiiv. Cal. ubl 1,Ick observ I:??l-W [Sa mmeiitn SJpt State l'r!iutl& 1W). 

Tirckrr I!. H: The mfra d i i ,  in Neridiw circle o!&rrstions made at thd Llck O M  
vatory 1610-1~01. I IIIV. CSI. Dlihl. Lick observ.. 6:iwi%. (~3.mmanto. S w t .  ~tm . -  Printing 190~) 

tory laOl-l@. 
Tuckr; R. H. Therefrwtion, in Meridiancircle ohsrvatiflns made at the laic> Okreroa- 

(Saxamento Bupt. State L'ni\-. Cal. publ. Lick ohserv., 10:11-17. 

astron Uerreley 191'<, 7:130-1{9. I1  irk 0; serv. 1W1. 211.) 

8an Frawis-o, 1916. 28:00-78. 
T v d w ,  R. II. 'The rliurosl varintlfln of the refraitio:i. Astron. RO?. Pa:iBc publ., 

Recent o'wrvations 011 the diurnal rhange in the retrsdimi at Lick ohsnrrstory. 
Ibld.. 28:1!l9-m. 
N[ra~coinb], S. Astrflnonilcal retraction. Enc)c. I<ritannlca, ed. 11, New Yort, 1911. 

2329. 

In thiiconnertion espwiallv t r  the 1% .iRc ron;tmauntains oi the :'iiited S t a h  
see Sclinli C A *~ l lo~&ly  values of the coolA1ient 01 mtra tioli '' in The transcorn 
tinentnl t;ia&uintion and the .\mericnn arc of tlin psrellel. dsshingtnu, 1W, p. 
254-2.56. (.-r. 8. Coast and Geodetic Survey, Special publ. No. 4.) 

a A~e~rromb S. A cnmpendiuni 01s herical astrononir Yew York 1906 p 223 
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be obtained for a star at  any apparent zenith distance.' 
In all cases it is n2cessar.y to assu'iie thrtt refraotioii intro- 
duce-, no errors of aziilluth, although this is someti~ies fm 
from the t r ~ t h . ~  

I I , fom -2h r t h  +4h t#h -5h. -3h. -1h. .Ih Ilh 
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FIG. 1.4orrertfons to the l'ulkova rrlrscti IIW, fir tlie I k k  Observatory. SB - sun- 
Nota the snd!e i fall in carrectbn a lout 2 hsu.3 ofter 83, and aaln abmt 2 hours 

set: oR - sunrlse. (.\Iter R. H. Tucker.1 

LJwr SR. 

R3Snsd work at  Lizk Ohervatory and elsewhere has 
show.1 not onlg that th3 cJrrection for refraction deter- 
min3d by thj Pulklvil table3 i3 often too large but also 
that thsre i 3  a diurnal vmntion in ths refraction." Figure 
1 7  shox3 ths mwch of the variation in refraction a t  
Mmnt Himilton based 03 ob3srvation3 durinu ths year3 
1o.X and 1906. Tha cLveraq3 variation is p h t e d  with 
referenca to the tjm, of sunme and sunset.. 

Part;y bs:auaa of t,h4 u13a'isfactwy condition of th3 
refraction corre Aion f o n  both thwretical anJ practical 
con3ilxa:ions and in plpt b j c ~ u i e  it wa3 rezo;nizaJ that 
every ob~erva~ory-.~articularly one situated a t  a con- 
sid ?rAble altitu le -mijht pre lent a spgcisl case requirin- 
inlivilual treJtment, evxy  obaervution of a s tandad 
star mads at Lick Ob3erv;~twy has b2en so handled that 
th3 derived vdue of the lxtituds presents a contribution 
to the refractim cxrec5on. It has been shown from 
theoretical coni lerat i~ns that the standard Pulkova 
equations ara applic Able for atmospheric pressures as 
low as 830 millibars ( a 5  in~l ies) .~ 
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- 0.00 
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Refraction anomdies related to sunrise and sumrt. 

The study of the refraction data when the anomalies 
were arranged by hours showed comparatively little s s- 
tem, although a seasonal influence was manifest. .it60 
data did show, however, a slight progressive chan e 

anomalies when the data were arranged with reference 
to sunrise and sunset. There is a very rapid chan e 
within two hours of each of these two epochs. A. 
Tuckera finds that the effect may be considered due to 
the action of the sun while above the horizon in changing 
the atmospheric refraction from that computed for tem- 

eratures bnsrd upon therinometers ex osed a t  the sur- 

and their changes up or down during t.he hours of obser- 
vation had no direct, influence on the general result. 

That the dilTerences are not the result of incorrect 
determination of air temperature has been shown by 
Crawford's careful study of the temperatures in various 
parts of the observing room and of the air outside. The 
construction of the meridian-circle house is such that it 
is practicnlly a large instrument shelter and all the tem- 
perature differences were found to be insignificant." 

As the greater part of all meridian work is done a t  
nizht the discussion of daytime refractions is im ortant 

the 24 hours. The attempt has been made to eliminate 
all errors other than those clue to the refraction correc- 
tion. For south stars errors in the adopted standard 
declinations were eliniinated by differential comparison. 
It is theoretically possible to eliminate errors in the 
assumed declinations of circumpolar stars by observing 
both culminations; but practically the two determina- 
tions are niade under varying conditions, different nadir 
reading, different raduation errors, and widely different 
zenith distances. !'he course ado ted, the only safe one, 

a manner as to eliminate every error escept accidental 
errors of observation, and these were diminished by the 
laroe number of observations reduced. 

h d e s  the diffi:ulty of making daytime observations 
a t  all, the accidental errors of such observations are 
much larger than those of niaht observations, which are 
made under much more Favorable conditions. The 
south stars are so much more difficult t.0 see because of 
their rapid motion and the increased atmospheric glare, 
that second-magnitude stars, even at moderate zenith 
distances, are im ossible while north stars of similar 

diffiwlty. Tucker finds that "In general from experi- 
ence at three other imnortant observing stations,'? the 
daytime conditions at Mount Hamilton can be described 
as the worst of all the stations, while night conditions 
are often the best experienced at any of them." Is 

An effect of the refraction at Mount Hamilton noticed 
generally in daytime, and as yet unexplained, is that 
south stars are more steady than north stars when the 
wind is southerly and north stars are generally more 
steady when the wind is northerly. 

during the night. Much more system appeared in t E e 

face of the earth. The actual recor (P ed teniperatures 

only for fundamental work which must be carried t \ rough 

was to arrange the reduction of t ; e Observations in such 

brightness and a 7 titude present comparatively little 

Tucker, R. H. The diurnil varbtion of the refraction. bstmn. BOO. PsciAc puhl., 
S m  Frmwco. A ril, 1916.28:72. 

10 CrzwhJ, R.  5. On aitronn-nlcil refrxtion. Univ. CJ. pnbl. Lick obsrv., 
S.scr i*nento. 1913. 7 (1393-19111: (pt. 6) 154-165 [19031. 

June. I ) i t .  ri: ,192-345. 

Cordjhr. Xrgsntini, lYI4-18J.k D;uthari~'Ob~ervatory, 8arnegIe Institution, San Luis: 
.\remihi. 13.15-1111. 

If Re.d If' 0. 4fet0JrolOgy at the Lick obiervat.org, ?d:XWBLY 1VE.ATHER REV., 

1:: Dalle OSwvatorg, Albany N. Y 1879-1883; Ar antine National Observrrhry 
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This discussion of sources of error due to real changes 
in refraction-the effect of which can be deteriiiined and 
accounted for-is of inore importance f roin a iiieteor- 
ological and, probably, even from an astronomical point 
of view thun the many discussions in preacnt-day astro- 
noniicd ~itera!urc regarding the faillire of methods of 
obserntion due to accideiitnl refraction errors, to 
slugwish levels, and to various instru:iientrtl errors. It 
is, tfierefore, wholly appropriate that it comes from an 
observatory whose first director *' was movcd to write: 

The observatory is not rimarily designed for a meteorological sta- 
tion. Its very exceptionafaituation. liowever. creates a respomil>ility 
on its part to engage to Rome extent in makinq * * * meteor- 
ological observation * * *. The elevated and isolated site of the 
observatory will render researrhea on astroiio~iiic.~l refraction of especial 
value, and the disposition of buildings and instruments hse been made 
with this end in view.-Wna. G. Reed. 

ON THE ABNORMAL PBOPAGATZON OF SOUND WAVES IN 
THE ATMOSPHERE.' 

By S. PUJIWHARA. 

[Abstracted for the REVIEW, by H. Bdcnnn, Ph. D., Gowns, M3.1 

1. Shape qf the region. n j  ti trii.ibb/iiy. 

Peculiarities in the shape of the region of audibility of 
the sound froiii an csplosion hurc? been notiwd very fre- 

heen sssociateil 
present war 

for the study of the 
by cannonaclina, 

esplosions and eruptions of Mount 
even better opportunit.ies for in- 

and made systeniatic observa- 

the subject. fn  

scientists have collected some 

tions. The niaterial thus obtained has been studied 
mathematically b S. Fujiwhara in two able iiieiiioirs in 

to the st.ruct,ure of t.he atmosphere can be derived from a 
knowledge of the shape of the remion of audibility. Some 
interesting types of regions are &ow11 in figures 1 to 6. 

A brief account of hjiwhara's first memoir has already 
been given in this REVIEW (May, 1914,42: 258-565). In 
his second nieinoir the aubhor uses his niatheiiiatical re- 
sults to obtain an idea of t,he shapc of the region of audi- 
bility for each of tlie fire types of atmospheric structure 
described b C. J. P. Cave in his book Tho Structure of 

(a) " S o h  current, in which the wind reiiiains st.eady 
in both direction and velocity in the upper lnyem. 

(b ,  Continued increase of velocity beyond that of the 
gradient wind. 

(c) Decrease of velocity in the upper atmosphere. 
(a) Reversal or a great change of direction in the upper 

layers. 
( e )  An upper wind blowing out from a dist,nnt low- 

pressure center; frequent reversal in t,he lower luyers. 
For all the cases in each class Fujiwhara has esnminetl 

whether a discontinuity of the region of sndibili ty of :in 
j?splosion can occur or not; his rnsults are show11 in 
rable 1. 

which he shows t iT ut important information with regarc! 

the Atmos ?: iere in Clear Weather. These are: 

.. ___ ........................... 
14 [Holden, E. S.]: DeJcrlption of the lneteomlogicol iiinlmments. 

I Fu rrvham 8 

Univ. Calif. publ. 
LIck observ., 156  Sacrrirnento. Supt. State Printing. 1%;. 

On the abnormal ropagation of sound waves in the atmospherd 
Gecond'part.' Bull., Central met'l. ofw'y. Tokyo, Japan, 1916, 2. pt. 4. pl., K? p. 
27lith. 1 O .  

TABLE l.--C2as8@m%n o/ the ref ins  of audibility about an a. lo&r 
mntcr for the diferent w e s  of atmospheric structure desa&d ba( 
Mr. Caw. 

Ni ................................. 
Nd.. ............................... 
NdiN I . .  ............................ 

NOTE.-Nt denotesthe total number Of C8.W.Y in each ClSSS; Nd, the number Of eaSW h 
whlch dlscontluuity IS to be expected. 

Thus, if the region of audibility is disc.ontinuous the 
winds in t.he upper atmosphere can not belong to classes 
a or c,  PQ bong ( j ~ p  horizon.tn1 homogmrity rf the ntmnspltare is 
assu.md. In nearly all cases greeter ranges of rays cor- 
respond to sni aller gradients of wind velocities-air tem- 

eratures and the inclinations of the rays at  tlie start 
[eing assunied as given. Since the direction of the axis 
of bhc rqgion of aiidibiliby c.oincides nearl with bhnt of 

tion takps place (see 53, eq. (3), me can get arough idea of 
thc wind direction in the upper atmosphere from a knowl- 
edge of the surface wind and the direct.ion and range of 
the regions of audibility. 

In the first memoir the author pointed out that the 
occurrence of the detached region of audibility, i. e.,.an 
abnonnal region, was closely connected with the exist 
ence of powerful cyclones. Many cases given in the 
prevent pa.per, however, are not in keeping wit-h the above 
conclusion. The cases given in the first paper, however, 
occurred chiefly under weather conditions of the wmty 
type. Now in winter the direction of the monsoon III 
Japan is northwesterly and no local depreeulon of inlport- 
ance OCCUM over centml Japan. Thus the region of 
audibility must continiiouslv estend toward the east or 
southeast under the normd condit,ion of winter. But 
when a powerful cyclone a proaches, the above condit.ion 

detmted. In the slimmer months the direction of the 
nionsoon is southenst,erly, and the development and pas- 
sage of a local depression over central Japan i3 a daily 
phenomenon. The direction of the upper wind due to 
this dcpresaion , whose height above sealevel is compara- 
tivelv small, about the snme as that of Mt. A4san18, 
can by no means coincide with that of the monsoon, and 
hence detached regions of nudilility niay occur. When 
:I powerful cyclone approaches froni the west, we may 
have abnormal cases in which no det.ached region can be 
detected or in which one is found in a djrectlon other 
than westerly. In the period of transition from the 
weather of winter to that of summer, or vice versa, the 
direction of the wind of monsoon typc is not confined to 
the northwest or the southeast, but can be mywherebe- 
t.ween the northwest and southeast on the north side. 
In these periods the energy of the monsoon becomes less 
lind the affect of cyclones or other meteorologicd ele- 
ineiits on the henoinenon of the propagation of sound 

The inuthematical theory is worked out on the assump 
tioii that the atmosphere is uniform in each horizontal 
plane. There must. also be further abnormalities of prop 
iteation when the uniformity is broken by the presence 
of floating sheets or masses 01 cloud in which the tenipef- 
ature may be different Iroin that of the surrounding au 
mil when a Hehnholtzian wave esists a t  the bounday 
of two layers of the atmosphere with different velocities 

the rnlat,ive wind ve1ocit.y at the height w t ere the reflec- 

is disturbed, and detache B regions of audihility may be 

waves can eusi r j- become predominant. 


